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SOIL MOISTURE GROUND TRUTH 
STEAMBOAT SPRINGS, COLORADO, SITE 
WALDEN, COLORADO, SITE 
March 8-10, 1976, Mission 


J INTRODUCTION 

This report contains the ground-truth data taken at Steamboat Springs 
and Walden, Colorado, in support of the NASA mission in these areas during 
the period of March 8, 1976, through March 11, 1976. The general locations 
of these areas are shown in Figure 1. These data were taken by M. W. 
Blttlnger & Associates, Inc., personnel with assistance from Dr. Albert 
Range, NASA-GSFCi James Foster, NASA-GSFC; and USDA Soil Conser/ation 
Service personnel from both the Steamboat Springs and Walden, Colorado, 
offices . 


STEALIBOAT SPRINGS, COLORADO, SITE 

The location of the Steamboat Springs site is shown in Figure 2, and 
the detailed site locations are shown in Figure 3. This line is approxi- 
mately 4.0 miles (6.45 I5ii) in length oriented in a generally North-South 
direction in the Yampa River Valley a few miles south of Steamboat Springs, 
Colorado. Data taken on this primary line were as follows: 

Snow depths at Intervals of 100 feet 

Snow densities and water equivalents at intervals of 1000 feet 
(using a Mount Rose snow tube) 

Snowpack characterizations at intervals of 1000 feet — 

Grain size (Sommerfeld 1969) 

Apparent wetness (CRREL 1962) 

Ski penetration (Commission on Snow and Ice 1954) 

Snow pits for liquid water determinations (freezing ealorlmetry) 

(Leaf 1966) and vertical layer classification (Sommerfeld 1969) 
at five selected locations, shown on Figure 3. 

In addition to this primary line, six East-West transects of 1000 feet 
each were used for additional depth and density measurements. The snowpack 
depth and density determinations for the primary line and transects are 
summarized in Table 1, and the detailed data are presented in Appendix A. 
Liquid water determinations arc summarized In Table 2. Supporting this are 
the detailed snow pit characterizations in Appendix B and the details of the 
liquid water determination in Appendix C. 


M. W. BITTtNGER AND ASSOCIATES. INC. 
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FIGURE 1 . GENERAL LOCATION MAP 
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Table 1 




Summary of 

Steamboat .Flight Line 

Data 



Snow Depth (in.) 


Density (%) 


Mile 

Number 

of 

samples 

Mean 

of 

samples 

Standard 

deviation 

Number Mean 

of of 

samples samples 

Standard 

deviation 

1 

57 

30.22 

2.95 

6 

21.5 

7.23 

2 

53 

30.51 

2.13 

5 

18.8 

5.81 

3 

53 

28.65 

4.03 

6 

21,5 

5.13 

4 

50 

29.90 

2.S9 

7 

22.4 

10.24 

Total for 
N-S line 

213 

29.82 

3.13 

24 

21.2 

7.22 

Transect 







A 

10 

29.75 

2.13 

10 

22.4 

4.17 

B 

10 

29.60 

1.17 

10 

26.5 

3.95 

C 

10 

28.20 

1.87 

10 

25.2 

2.49 

D 

10 

30.45 

3.38 

10 

24.6 

7.38 

E 

10 

28.80 

3.16 

10 

24.9 

8.85 

F 

10 

28.10 

4.95 

10 

28.6 

1.84 


5 







Table 2 


Liquid Water Summary- - 
Stearoboat Line 




Top 6" _ 



Mld-*paek 


Ground . 

Pit 

no. 

Temp. 

C“c) 

Qualitv 
factor • 

Liquid 

water 

content 

(%) 

Temp. 4 

(“c> 

OUalitv 

factor 

Liquid 

water 

content 

(%) 

temp. 

("G) 

Soil 

moisture 

content 

(%) 

1 

-8 

1.08 

0 

-4 

1.14 

0 

0* 

- 45.4 

2 

-7 

1.14 

0 

“‘r 

1.19 

0 

0* 

34.6 

3 

-4 

1,12 

0 

-4 

1.07 

0 

0* 

19.7 

4 

~7 

1.09 

0 

-4 

1,04 

0 

0* 

27.1 

5 

-4 

1.01 

0 

*3 

1.06 

0 

0 

31.3 

* 

Ground was 

not frozeni 
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WALDEN, COLORADO, SITES 


Two lines were sampled in the vicinity of Walden, Colorado. The first 
was the North-South line, approximately 4.5 miles C7.25 Km) in length and 
is shown in Figure 4. The shorter East-West line, approximately 2.75 miles 
(4.5 Km) in length is shown in Figure 5. These lines were sampled much 
less Intensively than was the Steamhoat Springs line. Data taken on the 
Walden lines were limited to specific points approximately 0.1 mile (0.16 Km) 
apart. At each point snow depths were measured, and at each fifth point 
snow density, water equivalent, snowpaek characterizations, and a aoil sample 
for gravimetric soil-moisture determinations were taken. The siimmaTy of 
this information Is presented in Table III, and the detailed data are shown 
in Appendix D (North-South line data) and Appendix E (East-West line data) , 
The soil-moisture report is presented in Appendix F. 

SITE CONTRASTS 

The Walden lines were of a lesser snow depth than Steamboat Springs, 
and for much of the lines the vegetation was of a ’’sagebrush type” which 
extended above the snowpaek. 

The line at Steamboat Springs was generally located over flat meadow- 
land, and all but riparian vegetation, excluding farmsteads, was totally 
snow covered. This led to the sample plan which was reviewed on site with 
NASA personnel. 


^ 7 - M. W. BtTTINGER AND ASSOCIATES, INC. 
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Table 3 


Sunmarv of Walden Flight Lines Data 


Snow Depth (in.) Penalty (%) 


Mile 

Nfltnber 

of 

samples 

Mean 

of 

samples 

Standard 

deviation 

Number 

of 

samples 

Mean 

of 

samples 

Standard 

deviation 



— 

North-South 

Flight Line 

- - 


1 

12 

5.58 

1.55 

3 

33 

9.2 

2 

13 

5.23 

0.88 

2 

32 

— 

3 

13 

4.54 . 

1.51 

3 

24 

7.02 

4 

12 

4.38 

1.21 

2 

24 


5 

6 

8.58 

3.90 

2 

38 

— 

Total 

56 

5.32 

2.08 

12 

29.7 

8.09 



- 

- East-West 

Flight Line ■ 

- - 


1 

11 

3.68 

0.85 

3 

23 

1.74 

2 

12 

‘3.96 

1.37 

3 

31 

7.77 

3 

10 

4.92 

1.81 

2 

26 

— 

Total 

33 

4.15 

1.43 

8 

26.9 

5.79 


- 10 - 
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steamboat Storing 8 Snow Course 
3/8/76 


Transect A 




Core 

Total 

' Tare 

Water 


Station Depth 

length weight weight 

equiv. 

Density 


(In.) 

(in.) 

(in.) 

(in.) 

(in.) 

(%) 

E-100 

31.0 

15.5 

21.0 

15.0 

6.0 

19 

E-200 

29.5 

14.5 

21.0 

15.0 

6.0 

20 

E-300 

33.0 

14.5 

20.5 

15.0 

5.5 

17 

E-400 

27.5 

11.5 

19.5 

15. G 

4.5 

16 

E-500 

33.5 

22.0 

23.5 

15.0 

8.5 

25 

W-lOO 

28.0 

13.0 

22.0 

15.0 

7.0 

25 

W^20O 

29.5 

24.0 

23.5 

15.0 

8.5 

29 

W-300 

29.0 

18.5 

22.0 

15.0 

7.0 

24 

W-400 

29.0 

19.5 

22.0 

15.0 

7.0 

24 

W-500 

27.5 

19.5 

22.0 

15.0 

7.0 

25 


Transect B 


Station 

Core Total Tare 
Depth length weight weight 

Water 

eqmiv. 

Density 


(in.) 

(in . ) 

(in.) 

(in.) 

(ih.) 

(%) 

E-100 

29.0 

17.0 

18.0 

11.0 

7.0 

24 

E-200 

29.0 

25.0 

20.0 

11.0 

9.0 

31 

E-300 

31.0 

27.0 

20.0 

11.0 

9.0 

29 

E-400 

30.0 

24.0 

19.0 

11.0 

8.0 

27 

E-500 

32.0 

24.0 

20.0 

11 .0 

9.0 

28 

W-100 

29.0 

20.0 

18.0 

11.0 

7.0 

24 

W^200 

28.0 

25.0 

19.0 

11.0 

8.0 

29 

W-300 

29.0 

16.0 

16.0 

11.0 

5.0 

17 

W-400 

29.0 

26.0 

19.0 

11.0 

8.0 

28 

W-SOO 

30.0 

25.0 

19.0 

11.0 

Lo 

27 


Psmarks 


Remarks 


A-1 



Transect C 




Core 

Total 

Tare 

Water 



Station Depth length vielght 
(In.) (in.) (in.) 

weight eguiv. 
(in.) (in.) 

Density 

m 

Remarks 

E-lOO 

32.0 

23.0 

19.0 

11.0 

8.0 

25 


E-200 

29.0 

27.0 

18. U 

11.0 

7.0 

24 


E-300 

29.0 

23.0 

19.0 

11.0 

8.0 

28 

Mkid plug 

E-400 

29.0 

27.0 

19.0 

11.0 

8.0 

28 


E-500 

27.0 

24.0 

18.0 

11.0 

7.0 

26 


W-100 

28.0 

19.0 

17.0 

11.0 

6.0 

21 


W-200 

23. 0 

22.0 

18.0 

11.0 

; .0 

28 


W-300 

27.0 

24.0 

17.0 

11. 0 

6.0 

22 


W-400 

29.0 

22.0 

18.0 

11.0 

7.0 

24 


W^SOO 

27.0 

24.0 

18.0 

11. 0 

7.0 

26 







TranseGt. ..D. 





Gore 

Total 

Tare 

Water 



Station 

Depth length weight weight 

equiv . 

Detisity 

Remarks 


(in.) 

(in.) 

(in.) 

(in.) 

(in.) 

(%) 


E-lOO 

35.5 

16.0 

23.0 

15.0 

8.0 

23 


E-200 

34.0 

13.5 

22.5 

15.0 

7.5 

22 

In willows 

E-300 

29.0 

13.0 

21.5 

15.0 

6.5 

22 

In drainage 

E-400 

23.0 

13.0 

24.0 

15.0 

9.0 

39 

Edge of drainage 

E-S00 

32.5 

13.5 

23.0 

15.0 

8.0 

25 

ti 11 It 

¥-100 

30.0 

8.0 

20.0 

15.0 

5 .0 

17 


W-200 

30.0 

7.0 

20.0 

15.0 

5.0 

17 


¥-300 

31.0 

15.0 

24.0 

IS.Q 

9 .0 

29 


¥-400 

30.5 

10.0 

20.5 

15.0 

5.5 

18 


¥-500 

29.0 

16.0 

25.0 

15.0 

10.0 

34 



k .=■ 


A-2 


Transect E 




Core 

Total 

Tare 

Water 



Station Depth length weight weight equlv. 

Density 

Remarks 


(in.) 

(in.) 

(in.) 

(in.) 

(in.) 

■ (%) 


E-lOO 

30,0 

9.0 

21.0 

15.0 

6.0 

20 


E-200 

33.0 

11.0 

21.0 

15.0 

6.0 

18 

In cattails 

1^300 

24.0 

21.0 

26.:. 

15.0 

11.0 

46 

Creek edge, free water below 

E-400 

28.0 

14.0 

22.0 

15,0 

7.0 

25 

Damp. mud at bottom 

E-500 

31.0 

8.0 

20.0 

15.0 

5.0 

16 


W^lOO 

34.0 

14,0 

22.0 

15.0 

7.0 

21 


W-2G0 

26.0 

17.0 

22.0 

15.0 

7.0 

27 


W-300 

28.0 

12.0 

21.0 

15.0 

6.0 

21 

Slight hill 

W-400 

27.0 

11.0 

21.0 

15.0 

6.0 

22 

Hill continued 

W-500 

27.0 

17.0 

24.0 

is.o 

9,0 

33 

Flat again 


Transect F 
Core Total Tare Water 

Station Depth length weight weight equiy . Density Remarks 

(in.) (in.) (in.) (in.) (in.) (ZT 

Center 

line— 

E-lOO 24.0 * 22.0 15.0 7.0 29 

E-^200 16.0 * 20.0 15.0 5*0 31 

E-300 26.0 * 22.0 15.0 7.0 27 

Et400 32.0 * 23.0 15.0 8.0 25 

E-500 31.0 * 24.0 15.0 9.0 29 

W-lOO 29.0 * 24.0 15.0 9.0 31 Near eige of once plowed road 

W-200 30.0 * 23.0 15.0 8.0 27 Flat area 

W-300 31.0 * 24.0 15.0 9.0 29 Crust at 7" 

W-400 31.0 * 24.0 IS.Q 9.0 29 Even flat area 

W-500 3i.O * 24.0 15.0 9-0 29 


Not reported. 






S'teamboat Siprlngs Snow Course 
3/8/76 


Gere Total Tare Water 


Ski 

pene- 


Time Station Bepth length weight weight eqnlv . Bensltv Grain size tratlon Wetness 

(In.) (In.) (in.) (In.) (%) (em) 


Remarks 


9:00 


9:06 


A 

(in.) 

0+000 

29.5 

0+100 

30.0 

0+200 

29.0 

0+300 

29.0 

0+400 

31.5 

0+500 

30.0 

0+600 

2'8.5 

0+700 

27.0 

0+800 

0+900 

30.0 

31.0 

1+00:0 

31.0 

1+100 

30.0 

1+200 

29.5 

l+3'O© 

29.0 

1+400 

28.5 

1+500 

27.5 

1+600 

31.0 

1+700 

30.5 

1+800 

31.0 

1+900 

28.0 

2+000 

29.0 

2+100 

29.5 

2+200 

29.5 

2+300 

41.0 

2+400 

29 . 0 

2+500 

31.0 

2+600 

33.0 


23 


23 


15 


8 


27 


fine 


dry 


100' S of north line of 
Sec. 4, moving south 


20.5 


23 


15 


26 


large 

crystal- 

line 


dry 


13 


19 


15 


14 large 
erys. 


dry to 
moist 


Drift next to haystack 


Stationing runs from North to South (1000'' s of feet + feet)* 






Gore Total Tare Water 

Time Station Depth length weight weight eqnlv . Benalt 
(in.) (in.) (In.) (In.) (in.) (%) 

9:06 2+700 34.5 

eontd 2+800 32.0 

2+900 31 . 0 

9:16 3+000 32.5 23.5 24 15 9 28 

3+100 30.5 

3+200. 30.5 

3+300 42.0 

3+400 28.5 

3+500 27.0 

3+600 29.0 

3+700 23.5 

3+800 26.0 

3+900 28 .0 

9:27 4+000 28.5 7.5 18 15 3 11 

4+100 26.0 

4+200 32.5 

4+300 30 . 0 

4+400 31.0 

4+500 32.0 

4+600 30.0 

4+700 29.0 

4+800 27 . 0 

4+900 29.0 

9:38 5+000 31.0 16.0 22 15 7 23 

5+100 30.5 

5+200 29. 0 

5+300 34.0 

5+400 33 .0 













Ski 

pene- 

Grain size tratlen Wetness 
(cm) 


Remarks 


6 dry to 
moist 


Jogging slightly east to 
avoid stock fence 


I? 

fl 


11 


II 

11 

It 

M 

II 


II 

tt 

II 

11 

II 



ft 

If 


large 6 dry to 

erys. moist 

Near Ititersection of ditch 
at stock pen 

At feneeline 


large 
erys . 


large 
erys . 


6 dry to 
moist 


• r 


Core Total Tare Water 
Time Station Pepth length weight weight eaniv . 

(In.) (in.) (in.) (in.) (in.) 

9:38 5+500 29.5 

contd 5+600 32.0 

5+700 27.0 

5-{'8O0 31.0 

5+900 29.0 

9:51 6+000 31.0 10.0 19.0 15 4 

6+100 31.0 

6+200 31.0 

6+300 30.5 

6+400 30.0 

6+500 28.0 

6+600 30.0 

6+700 31.0 

6+800 310.0 

6+900 33. ©■ 

9:57 7+000 32.0 16.0 22.0 15 7 

7+100 29.5 

7+200 30.5 

7+300 30.5 

7+400 28.5 

7+500 32.0 

7+600 28.5 

7+70.0 30.5 

7+800 31.5 

7+900 30.0 

10:07 8+000 29.0 10.5 18.5 15 3.5 

8+100 31.0 

8+200 36.0 

8+300 30.0 





Core ■Total tare Water 

Time Station Depth length weight weight equiv « Denslt' 
(in.) (in.) (in.) (in.) (in.) (%) 

10:07 8+400 3'0.5 

Gontd 8+500 29 . 0 

8+600 32.0 
8+700 38.0 

8+800 26.0 
8+900 27.0 

9+000 30.0 15.0 22.0 15 7 23 

9+100 30.0 

9+200 28.5 

9+300 30.5 

9+400 28.0 

9+500 29 . 0 

9+600 29.5 

9+700 30.0 

9+800 3® . 0 

9+900 31.0 

10:25 10+000 33.0 13.0 23.0 15 8 24 

10+100 31.0 

10+200 33.0 

10+300 30 . 0 

10+400 27.0 

10+500 32.5 

10+600 33.0 

10+700 ^l.O 
10+800 33.5 

10+900 30.0 

10:34 11+000 26.0 13.5 21.0 15 6 23 

11+100 38.0 

11+200 31.0 

11+300 32.5 

11+400 29.5 



Ski 

pene~ 

Grain size tration Wetness Remarks 

(em) 


Small drainage by willowa 

ti It •• ft 

Next to drainage 

fine gran. 7 moist Near drainage 


fine gran. 6 dry to Thin crust on top 

moist 


10,950 to g of road (Sec. line) 

fine gran. 7 dry to 

moist 




> 

I 

00 


Core Total Tar e Water 
Time Station Depth length velght weight equlv . 

(in.) (in.) (in.) (in.) (in.) 

10:34 11+500 30.0 

eontd 11+600 2'8.5 

11+700 31.0 

11+800 30.0 

11+900 30.0 


10:43 12+000 30.5 16.0 22.0 15 7 

12+100 28.5 

12+200 31.0 

12+300 30.5 

12+400 27.0 

12+500 27.0 

12+600 28, 5 

12+700 30.0 

12+800 30.5 

12+900 28.0 

10:53 13+000 30.0 9.5 19.0 15 4 

13+100 7.0 

• 13+200 23.0 

13+300 30.0 

13+400 28 . 0 

13+500 27.5 

13+600 29.0 

13+700 26.0 

13+800 29.0 

13+900 30.0 

11:06 14+000 26.0 22.0 22.0 15 7 

14+100 25.0 

14+200 21.0 

14+300 25.5 

14+400 27.0 

14+500 33.5 








Remarks 


Just south of 'small drainage 


23 fine gran. 6 moist 


In small drainage 

Going into small drainage 
Coming out of small drainage 


13 fine gran. 7 moist 

Packed 'by livestock 
Going around fence almost 
in streambed 


At fer.-^e line behind farm 


27 fine gran. 7 moist 

Along top of cliff 

tt It II If 

TT II Tl tt 

Take off for ditch (intersection) 


Ski 

pene- 

Density Grain size t rat ion Wetness 
(%) (cm) 


6-V 


Time Station 


11:06 14+600 

contd 14+700 
14+800 
14+900 

11:17 15+000 

15+100 
15+200 
15+300 
15+400 
15+500 
15+600 
15+700 
15+800 
15+900 

11:30 16+000 

16+100 

12:00 16+200 
EMO Qg NORTH 
BEGIN SOUTH 
9:45 0+100 


0+200 

0+300 

0+400 

0+500 

0+600 

0+700 

0+800 

0+900 

10:25 0+1000 







Ski 

Core Total Tare Water pene- 

length weight weight eouiv . Bensltv Grain size t rat ion Wetness 
(in.) (in.) (in.) (in.) (%) (cm) 


Remarks 


29.0 

32 . 0 

33.0 

28.5 

32.5 10.5 . 21.0 15 6 

28.0 

30.5 
28.0 

28.5 

27 . 5 

30.0 

31.0 

30 . 0 

30. 5 

28.0 14.0 22.0 15 7 

28.0 

28.0 

TO SOUTH STATIONING 

TO NORTH STATIONING 

24.0 23.0 24.0 15 9 


30.0 24.0 15 9 

29.0 

30.0 

31.0 

32.0 

29.0 

31.0 

30 . 0 

16.0 14.0 20.0 15 5 


Drainage 


18 fine gran. 7 moist 


25 fine gran. 7 moist 


Almost to read 


38 old gran. 


30 


3 dry South line of Sec. 21, 
moving north. 

Very little crust 
Ground not frozen, damp 
Even flat area 
Light crust from drifting 
Crust at 7" 

fl Tl tt 

Very thin surface crust 
Crust at 7" 


31 heavy gran. 4-5 moist 
crystals 
throughout 


North edge of creek, 
ice of river at bottom, 
3/4" surface crust 
Near willow clump 


1+100 


30 . 0 


ArlO 



10:25 1+200 31.0 

contd 1+300' 29 . 0 

1+400' 2'9.0 

1+500 29.0 

1+600' 29.0 

1+700 29.0 

1+800 25.0 

1+900 31.0 

1+1000 2S.0 8.0 19 15 4 14 


2+iOO 28.0 8.0 

2+200 32.0 8.0 

2+300 30. 0 8.0 

2+400 30.0 

2+500 30.0 11. 0 

2+600 33 . 0 

2+700 34.0 

2+800 31.0 

2+900 32.0 

11:04 2+1000' 31.0 12.0 20 15 5 16 


3+100 28.0 

3+200 32.0 

3+300' 32.0 

3+400' 30.0 

3+500 25.0 

3+600 32.0 

3+700 32.0 

3+800 33.0 

3+900 31.0 

11:30 3+1000 32.0 6.0 19 15 4 13 


Cattle fed 

Edge of once plowed road 

Crust 7" under 
Even flat area 
In a draw 

surface 6 moist Crust 7”-8”, could affect 

fluffy, core depth reading 

gran, below 

Bottom of draw 
Flat area 

Flat area 

Within 3' of N-S fence, 
possible drifting 
Within 4 * of fence 

U 11 ft II 

Next to fence 

old gran. 5 moist Small granular metamorphose, 

close to fence drifting 

Still hard underlying 
crust 7 "-8" 

Still next to fence 
Hard underlying erupt 
Willows affecting drifting 

Still near a fence 

II II IT It 

II II ff II 

old gran. 5-6 dry Very crusty all the way. 

Top is changing, small granules 


TT-V 


Gore Total Tare Water 

Time Station Depth length weight weight epLuiv . Denslt' 
(In.) (in.) (In.) (in.) (in.) (%) 

11:30 4+100 31.0 

eontd' 4+200 30'. 0 

4+300 28.0 8.0 

4+400 30 . 0 

4+500 29.0 

4+600 28. D 

4+700 31.0 

4+800 31 .0 

4+9Q0 33.0 

4+1000 34.0 9.0 20 IS 5 15 




Ski 

pene~ 

Grain size tr.atlen Wetness Remarks 

(cm) 

Flat area, still near fence 
Flat, no fences close 


Buildings starting to 
affect snow 
Building 50 yd. away 

Flat even area 

old gran. 6 moist in group of cattails, 

ice layer at bottom 


1 



i. 

i 

I 

T 




N9sa« mm isiii 




Steamboat Springs Snow Gourse 
3/9/76 
Pit No. 1 

General loeation: IQO’ north of Route 131, near north aerial flag 

Air temperature: -15®G, 0900:; -11® C, 0930 

Ground temperature: 0*C 

Ground wet, not frozen. Pasitured grass. 


Height 
to top 

Thick- 

Layer 




Gen. 

layer 

Laver 


of layer 
(in.) 

ness 

(in.) 

ciassif ieation 

Grain size 
(mm) 

Density 

(Kg/ra3) 

T emp a 
(‘’G) 

wetness 

hardness 

Remarks 

6.0 

6.0 

well developed 
depth hoar 

Ih 

274 

-1 

dry 

soft 


12.0 

6.0 

depth hoar 

1 

294 

-1 

d'ry 

soft 

• 

18.0 

6.0 

Gonstruetive 
metamor pho sed 
beginning 

h-1 

322 

-3 

dry 

soft 


20.0 

2.0 

firnif Ieation 

h-1 

302 

-6 

dry 

med. soft 

Melt-freeze crust layer 

20.5 

0.5 

ice 




dry 

hard 

Ice lense 

21.5 

1.0 

f Irnif ieation 

h-i 


-7 

dry 

med. soft 

Very thin ice lense on 
top of this layer 

29.0 

7.5 

uirae tamorphosed 


226 

-9 

dry 

soft 

Some firniflcation starting 


in top layer 


Note: Soil moisture 45.4% — ^^sampie Gontalned a high percentage of organic material 




I 

M 


Steamfac>at Spriti'^s S^now Course 
3/9/76 
Pit 13.0, 2 

General location: 175^ south of Route 131, along northermnost E-W transect, 


Air temperature: 1000 

Ground temperature: 0®C 

Ground wet, not frozen. Pastured' grass. 


Height Gen . 

to top Thick- Layer layer Layer 

of layer ness cl ass i f iiea t Ion Grain size Density Temp . wetness hardness 

(In.) (In.) (mm) 0Cg/m3j ("G) 


6.Q 

6.0 

well developed 
depth hoar 

ih 

292 

0 

dry 

soft 

12.0 

6.0 

depth hoar 

1 

274 

-1 

dry 

soft 

18.0 

6.0 

beginning cont. 
metamorphism 

h-i 

304 

-3 

dry 

soft 

20.0 

2.0 

firnif ication 


286 

-7 

dry 

med . soft 

20.5 

0.5 

ice iense 




dry 

hard 

21.5 

1.0 

firnif ication 

h-i 


* 

“7 

dry 

med. soft 

21 . 75 

0.25 

ice iense 




dry 

hard 

24.75 

3.0 

firnif ication 

h~i 

306 

-10 

dry 

med . soft 

30.0 

5.25 

new snow. 

krk 

166 

-11 

dry 

soft 


unme tamo rphos ed 

Note: 

F-3 overhead at 1020. Several passes, 2-3 to west of line, 1-2 over line, 
last pass at about 1045, last 3 passes: (1) S--N slightly east of line 

(2) N-S over line 

(3) S-N slightly west, 1045 

Soil moisiture 34.6% — sample contained a high percentage of organle material. 





Remarks 


B-3 




Steamboat Springs Snow Course 
3/8/76 
Fit So. 3 

General location: SW k* 16 - 100’ north of north fence 

Air temperature: -2®, 11:15; -i"., 11:30 

Groumd temperature: 


Ground w&t, not 

frozen, pastured grass. 






H.eiRM 
to top 

Thick- 

Laver 




Gen . 
layer 

Layer 

' 

of layer 
(in.) 

ness 

(in.) 

elasslf icat ion 

Grain size 
(mm) 

Densitv 

(Kg/^y 

Temp. 

(“C) 

wetness 

iiardness 

Remarks 

6.0 

6.0 

well developed 
depth boar 

1% 

254 

Q 

dry 

soft 

0-12" advanced temp, 
gradient meta. 

12.0 

6.0 

depth hoar 

1 

254 

0 

dry 

soft 

II It If. 

23.0 

11.0 

metamorpho sed 

2 

250 

-3 

dry 

soft 

partial temp. grad. meta. 

24.5 

1.5 

melt crust 
firnif icat ion 

h 

323 

-7 

dry 

med. hard 

melt freeze metamorphose 
limited 

30.5 

6.0 

new snow 

<h 

248 

-8 

dry 

soft 

unmet amorphosed 


Note: Soil moisture 19.7%. 


i?-g 


Sfcearoboat S^prlngs Snow Coarse 
3/8/76 
Pit Ks. 4 

General location: NW Hs 21 ~ 100’ sotith of south fence 

Air temperature: ”-5*, 10:25 -4“, 10:45 

Ground temperature: 0*G 
Ground' wet , not frozen, pasture grass 


Height 
to top 

Thick- 

Layer 




Gen. 

layer 

Layer 


of layer 
(in.) 

ness 

(in.) 

classification 

Grain size 
(mm) 

Density 

(Kg/m^> 

Temp . 
C-c) 

wetness 

hardness 

Kemar ks 

6.0 

6.0 

well developed 
deptfe hoar 

1% 

21 S 

-2 

dry 

soft 

0-12" advanced temp, 
gradient meta. 

12.0 

6.0 

depth hoar 

1 

276 

-2 

dry 

soft 

« . II It 

19.0 

7.0 

metamorphosed 

2 

254 


dry 

soft 

partial temp, grad, meta 

19.5 

1.5 

ice layer 





hard 


24.0 

4.5 

crust 

firnificatlon 


260 

-8 

dry 

med . soft 

melt -freeze metamorphose 
limited 

30.0 

6.0 

new snow 


182 

-10 

dry 

soft 

unme tamorpho sed 


Note: Soil moisture 27.1%. 




r • • 





Steamboat Springs Snow Gsurse 
3/8/76 
Pit No. 5 

General loeation; 

Air temperature! 4*0, 2:30 
Ground temperature: 0"C, 2:45 

Groiimd wet, not frozen, pasture grass 

Height Gen. 


to too 

Thick- 

Laver 




layer 

Layer 


iave.i: 

(in.) 

ness 

(in.) 

classification 

Grain size 
(mm) 

Densitv 

(Kg/m^) 

Temp . 
(“€) 

wetness 

hardness 

Remarks 

6.0 

6.0 

well developed 
depth hoar 

IJ 5 

296 

-1 

dry 

soft 

0**12" advanced temp, 
gradient meta. 

12.0 

6.0 

depth hoar 

1 

296 

^1 

dry 

soft 

i» II It 

19.0 

7.0 

metamorphosed 

2 

282 

-3 

dry 

soft 

partial temp. grad, meta 

19.5 

0.5 

ice layer 





hard 


24.0 

4.5 

crust. 

fimification 

% 

290 

-6 

dry 

med. hard 

melt-freeze metamorphose 
limited 

30.5 

6.5 

hew snow 

<h 

204 

-3 

dry 

soft 

unmetamorphosed 


Note: At 12" from bottom^ — ^^sllght melt crust ^-advanced depth hoar above and below. 

Soil moisture 31.3% — sample contained a high percentage of organic material. 








-Station 


* l-SASUSEl-Kl?X OF SNOW ’ CJVALXr/ 
(Freezing Calorimetric Technique) 

: Observer Leaf-P.angG 


Date 5 March 1976 


Hour 


1100 


Lbcaticn and description of sampling point 
Northern most Pit, IGO' North of Route 131 

Top 6" 

Layer temp -8° C 

Data 


Sample thermos No. 


Air Temperature 


Height of sample from ground surfac e . _ _ 26 . 

(1) Tare weight of ealorimete r . 767.1 __ _ . ,g r. 

(2) Vfelght of calorimeter and toluen e 11^4.3 g r. 

(3) Weight of calorimeter + toluene 4- sho w _ 1290.2 gy. 

(4) Gaiorimeter constant (E ) 55.22 ^r g. 

Heat Balance 


WlGl (t2 • ti) ^ t2 Cg S = L F 
where 

Wi = (2) - (1) + E, gr. Cg = specific heat of ice 

cl ^ specific heat of toluene 

ti « initial temp. S = (3) (2), gr. 

Je t 2 — final temp. °C L ■= latent heat of melting 

F = weight of free water, gr. 

Snow Quality 


Qf = 1 - Wj_ Ci (t2 - ti) / LS - Cj 


<= 

Ci = 0.374 
Qf = 1.078 


t2 = "37° e 

C = . 464 
s 


G-1 


\ 


1 


• l-£ASU5Jii'3riTl OF SNOW • QiALItY 

(Freezing Caloriaetric Technique) 

Cation II O bserver . . Leji£.-^Sans r.-_ 

Dat e 9 March 1976 H ou r 1100 

Lbcaticn and description or sasipling poin t 

Northern most pit, 100* North pf Route 131 

Mid Pack • 

layer temp -4^ C 

Data 

Sample thermos No. ^ A tr Tesroeratur e _ -5 __ 

Height of sample from ground surfac e _ Inches . 

(1) Tare weight of ealorigete r 767 .1 

(2) Weight of calorinieter and toluene _ g r. 

(3) Weight of ealorimeter -f toluene + sno v 1305.3 

(4) Calorimeter constant CB ) ^''.‘3^ a r« 

Heat Balanea 

WlGi (t2 - tx) + tg Cg S = L F 
where 

Wi (2) - (1) + E, gr. ~ specific heat of ice 

ci “ specific heat of toluene 

tx “ initial temp. °C S = (3) - (2), gr. 

^ t 2 ~ final temp. °C L = latent heat of melting 

F - weight of free water, gr. 

Snow Quality 

Qe = 1 - Wi Ci <t 2 - ti) / LS - C 3 t 2 /L 
tjL = -49® C t2 -- 41 ° e 

« 0.374 Gg = 0.464 

Qf =? 1.135 


C-2 


I 


* JSASUSSull?! 0? SNOW QaALir/ 
(Freezing CaloriQetric Technique) 


=?=^St3Cion 


Ohs erveir I*eef ™Rango 


9 March 1976 


Hour 


1200 (noon) 


Location and description of sanpling poiTit_ 


175 feet south' of Ronte 111 In nit 


■upper 6” 

Upper layer temp ^7*^C 


Bata 


Saaple thermos Ko» 1 


Air Temperature 


Height of sample from ground surfac e __.Z1 


(1) Tare weight of ealorim-eter^ 


768.1 


inches . 


(2) Weight of ealorliaster and toluen e g r. 

(3) Weight of calorimeter + toiuana 4- sno w gr. 

(4) Calofimater constant CB) 53.. 22 g r. 

Haat Balance 

WlCi (t2 - ti) 4- t2 Cg S =* L F 
where 

Wi = (2) - (1) 4^ E, gr. Cg - specific heat of ice 

ci “ specific heat of toluene 

tf - initial tesip. ®C S = (3) - (2), gr. 

ji t 2 - final temp. °C L = latent heat of melting 

F = weight of free water, gr. 

Snow Quality 


Qf = 1 - Mi Ci (t2 - ti) / LS - Cg till. 

ti ^ -49® e 
- .374 
Qf “ 1.183 


-2 “43 C 


C = G.464 
s 


C-3 


I 



♦ ISASUSEDIHI 0? SNOtf Q-JALITY 
(Freezitig Galorimstric Technique) 


Observer 


Date 


9 March 1976 


Hour 1200 (noor 


location and description of sampling point, 
I?.*)* south of Route 131 in pit 


mid iayec of pack 

-1 /o 

layer temp -4 C 


Data 


Sample thermos No. 


Air Tamoerature 


Height of sample from ground surfac; 
(1) Tare weight of calorimete r 


768.1 


(2) Weight of calorinieter and toluen e ll^l-7 g r. 

(3) Weight of ealpriiseter -t toluene -f stio w 1297.0 gy. 

(4) CaloriiEeter constant (E) 35.25 

Heat Balanea 

WiCi (t2 - tx) + t2 Gg S = L F 
where 

Wi = (2) - (1) + E, gr. Cg » specific heat of ice 

g 1 “ specific heat of toluene 

tx “ initial temp. ®C S ^ (3) ^ (2), gr. 

Jt t 2 = final temp. ®G I. = latent heat of selting 

F *= weight of free water, gr. 

Snow Quality 

Qf “ X •• Wx ^i (^2 " / I.S ^ Cg t2^X< 


t^ = -49^^ C 

= 0.374 
Qf =!= 1.190 


t^ = -44- G 


.464 


■ ISASUSEl-Sll?! 07 SNO« ' Q aALITi: 
(Freezing Caloricietric Technique) 

*=S ta ti oi l 3 O bs erve r Leaf-HowelL 

Da £e 8 March 1976 Hour 1;20 P.M. 

Docatlen and description of sainpiing point__ . 

Top 6" @ -4° - 


Data 


Saaple thermos Ko. 4 A ir Temperatur e G 

o y 

Height of sample from ground surfac e .i nches^ 

yfZA Q 

(1) Tare weight of caloriiaete r . * _ g r. 

(2) Weight of ealorite.atsr and toluen e llgg, 7 g r. 

(3) Weight of calorimeter -h tolustie -f sno w 133 9.2 gr . 

(4) Calorimeter constant (B) „ gr. 

Heat Balance 


WlCi (t2 ^ ti) -h t2 Gg S = t F 


where 


Wi - (2) - (1) -r E, gr. 

Cg = specific heat of Ice 

ci *5 speGiflG heat of toluene 


tjL = initial temp. ®C 

S = (3) - (2), gr. 

* t 2 “ final temp. °C 

L » latent heat of malting 


P “ weight of free water, gr. 


S^now Quality 


Qf = X - Wi Ci (t2 - tl) / LS - Cg t2/L 


= -ai'* e 
c. = .374 

X 

Qf = 1.12 


= -24° C 
® .464 


C-S 


I 


I 


• rSASUEEI-Uil?! G? SNOvT qyAi.ITY 
(Freezing Caloriraetric Technique) 


®=St3tion 


Pit No. 3 


Pafce 8 March 1976 


Gbsej 


Hour 


1:3Q P.M. 


Location and description o£ sampling pointy 
Pit No. 3 - Mid-pack @ -4° C 


Data 


Sample thermos Ho. 


Air Temperature . +8 


Height of sample from ground surfac e 


(1) Tare weight of Galorimeter^ 


766.8 


(2) Weight of calorisstsr and to luen a 1148 . Q K t « 

(3) Weight of ealorime tex + toluene “h sno w 1304.3 g r . 

(4) Calorimeter constant (B) g r. 

Heat Balance 


WlCi (t2 - tl) + tg Cs S = L F 
where 

Wi = (2) - (1) + E, gr, Cg specif ie heat of ice 

ci = specific heat of toluene 

tl « initial temp. S = (3) - (2), gr. 

^ t 2 ~ final temp. h ~ latent heat of melting 

F = weight of free water, gr. 


Snow 


Qf = X - Wi (tg “ ti) / LS - Gg tg/L 


= -46.5"' C 
=» .374 
Qf = 1.0717 


t^ “ -36 C 


C “ .464 
s 


• ISASUHiiiSj?! 0? SK0« qaTALIK 
(Freezing Caloricatric Technique) 


=S t a C i Q n_ Fit No . 4 O bs axvar Leaf— Howell 

Da t e 8 March 1976 Hou r 12tlQ 

Location and description or sampling point 

Pit No. 4 - Center of Top 6" of new snow. 


Data 


Saaple thermos ^ _ A ir Temperatur e ^ 

27 

Height of sample from ground surfac e . „ Inches . 


(1) Tare weight of caloriB2ter_^ ^gr. 

(2) Weight of calorimatfir and toluen e 1141.8 _ g r. 

(3) Weight of calorimeter -f toluene + sno w 1274.1 g r. 

(4) Calorimeter constant (E) ^gr. 

Heat Balance 

WiCi (t2 “ ti) + t2 Cs S = L F 
where 

Wi “ (2) - (I) -r E, gr. Cg == specific heat of ice 

ei = specific heat of toluene 

ti = initial temp. '■’C S = (3) - (2), gr. 

A t2 - final temp. °G L = latent heat of cielting 

F = weight of free water, gr. 


Snow Quality 

Qf « 1 - Wi (t2 - tl) / LS - Gg t2/L 


“ -38° C 

t2=-32° 

= .374 

G - -464 
s 

qf = 1.G944 . 



C-7 


/ 


I 


1 


• ISASUSKSlrr G? SNOW Q-JALir/ 

(Freeaing Calorimetric Technique) 

—S 1 3 ti o n No. 4 Q ba erver Leaf — Howell 

Pat e 8 March 1976 H our 

Location and description of sampling poin t 
lit No. 4 - Mid-pack, Approx 15" from ground 
■Temp: -4° C 

Data 

Sample rhei'mos Mo. 3 _Air Temperatur g „ a 

Height of sample from ground surfac e __ _ 15 I nches. 

(1) Tare weight of calorimeta r g r. 

(2) Weight of caloriinster and toluen e _ g r. 

(3) Weight of calorimeter + toluene -r sne v 1319 . 2 . 

(4) Calorimeter constant (E) er. 

Heat B-al.ance 

Wiei (t2 - tx) + t 2 Cg S = L F 
where 

Wi - (2) - (1) + E, gr. Cg - specific heat of iee 

cl » specific heat of toluene 

tx initial temp. °G S (3) - (2), gr. 

i t 2 “ final temp, ®C L =» latent heat of melting 

P = weight of free water, gr. 

Snow Quality 

Qf = X - Wx Gx (t2 - tl) / LS - Gg t2/D 

tj ^ -33® C =— 44.5® C 

G, = ,374 e « .464 

1 s 

Qf = 1.0368 


C-8 


I 


1 


1 


I 


• iSxVSySEKi'X G? SNOWQirALXTY 
(Freezing Caloriaetric Technique) 

-‘•S tation Pit No. 5 Obsarve r Leaf ~ Howell 

Dat e S March 1976 H ou r 3 <10 

Location and description o£ sampling poin t 

Pit No. 5 - new snow layer 


Data 

Sanple thermos No . _ .4: A ir Temperatur e .4-6 

Height of sample from ground sue fac e . 27” ^4° G. inches. 

(1) Tare vexght ox calorimete r _7;66. 8 o g. 

(2) Weight, of calorisstar and toluen e 1147.8 . g r, 

(3) Weight of calorimeter + toluene + sno w 1281 . 6 ^ 

(4) GaiGrimeter constant (E) g r. 

Heat Balance 

WiCi (t2 - ti) + t2 Cg S = L F 
where 

Wi = (2) - (1) + E, gr. Cg = specific heat of iee 

el = specific heat of toluene 

ti “ initial temp. °C S ~ (3) - (2), gr. 

t 2 - final temp. °C L = latent heat of melting 

F = vjeight of free water, gr. 

Snow Gualttv 

Qf = 1 - Wi Ci (t2 - ti) / LS - Gg t2/L 

tj = -45® e = -33.3® C 

C, = .374 C- = .464 

^ s 

Qf = 1.0148 


C-9 


* l-2ASl»£l-2:?^i: G? SNOWQsIALXT/ 

(Freezing GalDrisetrie Technique) 
—Statio n Pit Ho. 5 Gb serve r Leaf —Howell 

Date 8 March 1976 Kqu;- 3:20 


Locatien ar.d description of sampling point_ 


Pit Ko. 5 — Mid— pack @ -3*^ G 


Data 

Saaple thermos Ko » A ir Temperatur e. . . ° G 

Height of sample from ground surfac e 15*' _ . i nches. 

CD Tare weight of g a 1 o r Ime te g _ _ 7 6 7 ♦ 5 _ g r . 

(2) Weight of calorimatsr and toluen e 1118 . 7 o r . 

(3) Weight of calorimeter t toluene 1- sbg v 1284.4 

(4) Galorimeter constant (B) 55,22 

Heat Balance 

WiCi (t2 - tD + tg Cg S = L F 
where 

Wi — (2) - (1) -T E, gr, Gg - specific heat of ice 

cl ~ specific heat of toluene 

ti « initial temp. °G S = (3) - (2), gr. 

Jfe tj - final temp. °C L = latent heat of melting 

P = weight of free water, gr. 

Snow Quality 

Qf » I - Wi Cj (t2 - ti) / LS - Cg t2/l= 


t^ = -46.5® e 
= .374 
Qf = 1.0625 


= -34.5® C 

G = .464 
s 


G-10 



Waldien Snow Ceurae 
Hor th-Sou th Line 




(in-) 

10:00 

0 

7.0 


1 

5.5 


2 

3.0 


3 

6.0 


4 

6.5 


5 

6.5 


6 

6.5 


7 

5.5 


8 

3.0 


9 

5.5 


10 

8.0 

Mile 1 

. li 

4.0 

Mile 2 

12 
T 0 

6.0 
r n 


J.J 

14 

^ * u 
4.5 


15 

7.0 


16 

4.0 


17 

6.0 


18 

19 

5.5 

5.0 


20 

5.5 


21 

4.5 


22 

5.0 


23 

6.0 

Mile 2 

...24 

4.0 


Core Total 
length weight 

Tare 

welgli't 

VJater 
egiuiv . 

DBP.sitv 

Grain size 

Sfcl 

pene- 

tration 

Wetness 

Remarks 

(in.) 

(in.) 

(in.) 

(in.) 

(%) 


(cm) 



6.0 

7.0 

4 

3.0 

43 

fine 

drifted 

N.A. 

dry 

Soil sample #9, 21% 

At edge of gravel pit 

11 H ft 11 1» 









Going into small draw 
Beml-sage 

6.0 

6.0 

4 

2.0 

■ 31 

fine 

drifted 

Mi.A. 

dry 

Soil sample #100, 27,9% 
Grass 

tl 

II 

5.0 

6.0 

4 

2.0 

25 

fine 

drifted 

N.A. 

dry 

II 

Soil sample #108, 96,4%* 
Grass 

tl 









Along ditch, grass 
Along ditch, grass, sage 

5.5 

6.5 

4 

2.5 

36, 

fine 

drifted 

N.A. 

dry 

Soil sample #76, grass, j 
23.'''% 

Small sage 
Small swall, sage 
Small sage 
Small sage, grass 

5.0 

5.5 

4 

1.5 

27 

fine 

N.A. 

dry 

Soil sample #80, 23,1% 


drifted 


stnail sage, grass 
Sage, some grass 


Sage 

Sage, some grass 


Soil sample high in crganles — sample results not considered meaningful. 


Walden N-S line (eontlnued) 


Ski 





Core T.otal Tare 

Water 



pene- 



Titae 

Station 

Benth length weight weight 

eqmlv • 

Density Grain, size 

tration Wetness 

Remarks 



(in.) 

(in.) (in.) (in.) 

(in.) 

(%) ■ 


(cm) 



Mile 3 

25 

6.0 

4.5 5.0 4 

1.0 

17 

fine 

N.A. 

dry 

Soil sample #16, 21%, 







drifted 



mostly sage, some grass 


26 

6.5 

■ 






Sage, grass 


27 

3.5 







Grass, sage 


28 

6.10 






• 

Sage , grass 

Top of draw, north side 


29 

5.0 



; 




Starting up out of draw— south 


30 

4.0 

3.0 5.0 4 

1.0 

25 

fine 

N.A. 

dry 

Soil sample #1, 16*9%, 







drifted 



mostly sage, some grass 


31 

4.0 







Mostly sage 


32 

4.0 







It It 


33 

4.0 







II It 


34 

4.5 







11 It 


35 

6.5 

6,0 6.0 4 

2.0 

31 

fine 

N.A. 

dry 

Soil sample #90, 70.4%* 







drifted 



mostly sage 


36 

1.0 







Some hare patches, sage, grass 

mie 3 

37 

4.0 







Sage, grass, 
drifting to 10” around 

Mile 4 









38 

4.0 







Bare ground 


39 

3.5 







TT 


40 

4.5 

3.5 5.0 4 

1.0 

22 

fine 

N.A. 

moist 

Soil sample #101, 18. 7%, 







drifted 



some small sage 


41 








Bare ground 


42 

3.5 







Small sage 


43 

4.0 







Sage 


44 

7.0 







At fence, 1/4 corner marker. 
Sec, 19,20 base of pole 


45 

4.0 

4.0 5.0 4 

1.0 

25 

fine 

drifted 

N.A. 

moist 

Soil sample #95 » 21*7% 


46 

4.5 







Grass, sage 


47 

3.5 







Tall grass 


48 

3.0 







Bare grass, patches 

Mile 4 

49 

6 . 5 







Bare grass, patches. 


*Soll sample high in organies-^-sample results not considered meaningful. 










Walden N-S line (continued) 

Ski 


Time 

Station Depth 

Gore To>tal 
length weight 

Tare 

weight 

Water 
eqiwiy . 

©ensitv 

Grain size 

pane- 

trakion 

Wetness 

Remarks 


(in.) 

(in.) 

(in.) 

(in.) 

(in.) 

(%) • 


(cm) 



Mile 6 

50 16 . 0 

■ 15.0 

11.0 

4 

7.0 

44 

fine 

N.A, 

moist 

Soil sample #4, 76.5% 


drifted bare grass patches, 

drifting around clumps of sage 


31 

6.0 

ft 

II 

If 

It 

II 

II 

52 

7.5 

ri 

n 

ff 

tf 

11 

ff 

53 

9.0 

II 

It 

ft 

It 

ff 

ft 

54 

5.0 

II 

tf 

ti 

11 

II 

ft 


Mile 6 fine N.A. moist Soil sample #97, 37«7% 

End of sampling, 

56+50 to RR ROW fence line. 


Soil sample high in organics— sample results not considered meaningful. 



I 


I 
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APPENDIX E 


Walden Snow Course Data 
CEas.t-West Line) 


measi seaman 




Gore Total Tare Water 

Time Station Depth length weight weight eciiuiv . Densl 
(in.) (in.) (in.) (in.) (in.) (%) 


13:45 

0 

4.5 

4.0 5.0 

4 

1.0 

22 

Mile 1 

1 

3.0 






1.5 

3.0 






2 

3.5 






2.5 

5.0 






3 

4.0 

4.0 5.0 

4 

1.0 

25 


4 

3.0 






5 

4-5 

4.0 5.0 

4 

1.0 

22 


6 

3.0 






7 

4.5 





Mile 1 

8 

2.5 





Mile 2 

9 

5.5 






10 

2.5 






11 

3.5 






12 

3.0 






13 

5.0 

4.0 6.0 

4 

2.0 

4'0 


14 

2.0 






15 

4.0 






16 

4.0 






17 

3.0 






18 

4.0 

3.5 5.0 

4 

1.0 

25 


19 

4.0 





Mile 2 

20 

7.0 

6.5 6.0 

4 

2.0 

29 

Mile 3 

21 

3.0 






22 

3.5 






23 

3.5 






24 

5.0 





*Soil 

sample high in 

organics . 





Ski 

pene~ 


Grain size 

tration 

(cm) 

Wetness 

Remarks 

fine drift 

N.A. 

moist 

Soil sample #104, 23. IZ, 
Just west of road by panel 
Small sage 

It tl 

It M 

It n 

fine drift 

N.A. 

moist 

Soli sample #103, 18*6% 
Small sage 

fine drift 

N.A. 

moist 

Soil sample #77, 20,1% 
small sage 

Behind dump, small sage 
At fence corner, NW edge of dump 
Small sage 

II ti 

II Tt 

fine drift 

N.A. 

moist 

TI II 

ri If 

Soil sample //73> 18.8% 

Small sage 

Edge of stock pond, small sage 
Small sage 

U t» 

fine drift 

N.A. 

moist 

Soil sample #88, 37. 9Z* 
Bottom of pond, flat & open 

fine drift 

N.A. 

moist 

Soil sample #86, 27.0% 


Very small sage, 

some hare ground 
tt »r M 


IT TT II 

Pasture 



Wale.en E-W Line (continued 


Ski 




Gore 

Total 

Tare 

Water 




pene-" 



Time Station ®enth length 

weight weight 

eaiuiv , 

Densitv 

Grain size 

tration Wetness 

Remarks 


(in.) 

(in.) 

(in.) 

(in.) 

(in.) 

(^i) 



(cm) 



25 

8.0 

7.0 

6.0 

4 

2.0 

25 

fine 

drift 

N.A. 

moist 

Soil sample 566 

26 

5.5 










Big bare spot close by, 
pasture 

27 

3.5 










Pasture 

28 

6.0 










n 

29 

3.5 










ri 

Soil sample (/81, 242.2%^ 

Mile 3 30 

7,5 

6.5 

6.0 

4 

2.0 

27 

fine 

drift 

N.A. 

moist 


end of sampling 


Soil samples higk in organies — tkese results considered not meaningful. 


M 

I 
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Empire Laboratories, Inc. 

P.O. Box 429 • 214 North Howos 

Fort Collins, Colorado 80522 « Telephone f303) 484-03S9 

March 17, 1976 


Bittinger and Associates 
105 South Meldrum 
Fort Collins, CO 80521 


Attention: Mr. Bruce Jones 


Gentlemen: 

Re: Moisture Samples NASA Steamboat/ Walden Flight 3-9-76 

ELI Project No. 2251-76 
M. W. Bittinger Project No. 581 

Enclosed please find test results for the above -^referenced 
project. Moisture contents were determined for twenty- 
five samples received in oim laboratory. The results of 
these tests are included on page 2. Samples containing 
high percentages of organic material are noted on the sum- 
mary sheet. 

Very truly yours, 

EMPIRE LABORATORIES, INC. 



Neil R. Sherrod 
Engineering Geologist 


pal 


Enclosure 


MATBHIA1.S AND FOUNDATION ENCINBBItS • MEMIiEU OF CONSULTING ENCINEEHS COUNCIL 
OFFICES AND LABOUATOHIICS IN FOUT COLLINS. COLORADO AND CIIEYENNl-:, WYOMING 


NASA Steamboat/ Walden Flight 
MWB Project No. 581 
March 9, 1976 


Summary of Test Eesults 


Test No. 

Sample No. 

Can No. 

Percent Moisture 

1 

P"1 

82 

45. 4*«' 

2 

P-2 

83 

34. 6* 

3 

Pit #3 

93 

19. 7 

4 

Pit #4 

84 

27. 1 

5 

Pit #5 

89 

31. 3 ^ 

6 


1 

16. 9 

7 


4 

76. 5* 

8 


9 

19. 7 

9 


16 

21. 0 

10 


73 

18. 8 

11 


74 

566. 2 ^ 

12 


76 

23. 6 

13 


77 

20. 1 

14 


80 

23. 1 

15 


81 

242. 2=5= 

16 


86 

27. 0 

17 


88 

37. 9=5= 

18 


90 

70. 4>i' 

19 


95 

21. 7 

20 


97 

37. 7>s= 

21 


100 

27. 9 

22 


101 

18. 7 

23 


103 

18. 6 

24 


104 

23. 1 

25 


108 

96. 4 :^ 


^ indicates sample contains high percentage of organic matter 


